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Abstract 

In this paper, based on the holographic techniques, we explore the hydrodynam¬ 
ics of charge diffusion phenomena in non commutative JV = 4 SYM plasma at strong 
coupling. In our analysis, we compute the R charge diffusion rates both along com¬ 
mutative as well as the non commutative coordinates of the brane. It turns out that 
unlike the case for the shear viscosity, the DC conductivity along the non commuta¬ 
tive direction of the brane differs significantly from that of its cousin corresponding 
to the commutative direction of the brane. Such a discrepancy however smoothly 
goes away in the limit of the vanishing non commutativity. 


1 Overview and Motivation 

Almost for the past one decade, the AdS/CFT correspondence [l]-[3] has been found to 
provide an extremely elegant tool in order to explore various physical properties of strongly 
coupled (gauge theory) plasma at sufficiently high temperatures. The hydrodynamic 
description of such strongly coupled gauge theories has been studied quite successfully 
by considering asymptotically AdS black holes in the dual gravitational counterpart [5]- 
|12j . The underlying motivation behind such analysis rests on the fact that the Quark 
Gluon Plasma (QGP) produced at RHIC, Brookhaven is strongly coupled where the usual 
techniques of perturbative Quantum Field Theory (QFT) do not apply. 

Apart from being strongly coupled, the other characteristic feature of the QGP pro¬ 
duced at RHIC is the anisotropic expansion of the fireball during the very early stage of 
the collision |13j-[T5] which therefore has driven a lot of attention in the context of hologra¬ 
phy [T6]-j3T]. In [16]-[f?], the authors had proposed a systematic anisotropic construction 
in the context of Einstein-axion-dilaton gravity where they have considered a particular 
anisotropic (6 deformed) version of Af = 4 SYM plasma namely, 5Sym ~ / 9(z)TrF A F , 
where the 6 parameter (which is dual to the axion in the bulk) depends linearly on one 
of the spatial directions of the brane. The corresponding hydrodynamic analysis of their 
model has been performed in [IS]. The key outcomes of their analysis could be summa¬ 
rized as follows: (1) The DC conductivity along the isotropic direction of the brane is 
different from that of its value corresponding to the anisotropic direction, and most im¬ 
portantly, (2) the shear viscosity to entropy (rj/s) ratio corresponding to the longitudinal 
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fluctuations has been found to differ significantly from that of its value computed from 
the transverse fluctuations. The most significant outcome of their analysis rests on the 
fact that one could have a natural violation of the conjectured lower bound on p/s ratio 
solely from the anisotropic considerations even in the context of Einstein gravity [18]. 

Even before these analysis had performed, in [32] the authors had studied hydrody¬ 
namics of a strongly coupled plasma in a slightly different context of anisotropy which was 
driven due to presence of the non commutativity along different spatial directions of the 
Dp brane in the presence of a background NS B field. Holographically such theories are 
supposed to describe non commutative Af = 4 SYM plasma at strong coupling [33]-[36]. 
In their analysis [32], the authors had found that despite of the spatial anisotropy (that is 
caused due to the distinction between the commutative and the non commutative spatial 
directions) the shear viscosity to entropy {p/s) ratio turns out to be universal for two 
different shear channels. The reason that the universality of the bound is still maintained 
in the non commutative scenario could be understood in terms of the holographic stress 
tensor which surprisingly turns out to be the same as that of the commutative theory 

ra- 

In summary, from the comparative analysis in the previous two paragraphs, one should 
be able to note that the 9 deformed Af = 4 SYM differs significantly from that of the 
non commutative Af = 4 SYM as long as we consider the hydrodynamic description of 
both the theories with respect to their shear channels. However, the comparison remains 
incomplete as the analysis of the diffusive modes, in particular the computation of the 
R charge diffusion corresponding to non commutative Af = 4 SYM theory is still lack¬ 
ing in the literature. The purpose of the present article is therefore to fill up this gap 
and make a systematic comparison between two different anisotropic theories at strong 
coupling. In order to do that we essentially turn on 6(1) fluctuations in the bulk and 
compute the corresponding R charge diffusion rates along both the commutative as well 
as the non commutative directions of the brane. Unlike the case for the shear viscosity 
[32], we observe a significant deviation in the charge transport phenomena along the non 
commutative direction of the brane. On the other hand, the charge diffusion constant 
along the direction of the commutative coordinates of the brane does not receive any non 
commutative corrections and thereby remains unchanged. 

The organization of the paper is the following: In Section 2, we discuss the geometrical 
construction in the dual gravitational counterpart of the non commutative Af = 4 SYM 
plasma. In Section 3, we explicitly compute the holographic charge diffusion rates both 
along the commutative as well as the non commutative directions of the brane and found 
that unlike the case for the shear modes their ratio is different from the unity. Finally, 
we conclude in Section 4. 


2 The dual set up 

We start our analysis with a formal introduction to the geometrical construction in the 
bulk space time that is holographically dual to non commutative Af = 4 SYM theory at 
strong coupling. It is already known from the earlier literature that non commutative 
gauge theories at strong coupling could be consistently obtained from string theory by 
considering the so called decoupling limit in a system of Dp branes in the presence of a 
background NS B field that gives rise to certain scale of non commutativity in the large 
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N limit [33]-[36]. To start with, we consider the non commutative = 4 SYM theory at 
finite temperature whose dual counterpart in the string frame reads as [ 32 ], 


ds 2 
Ub 10 


/ 


= di 1/,2 (—fdt 2 + dx 2 + h( y dy 2 + dz 2 )) + 'H 1 ^ 2 (f 1 dr 2 + r 2 dQl) 

1 


= 1--T, h = 


i + e 2 n- 


L A 

U= — 

<y »4 


(i) 


where, 0 is the so called non commutative parameter and is the usual position of the 
horizon. Following the AdS/CFT prescription, one could write L 4 = \.Tig\ M Na! 2 which in 
the decoupling {a! —y 0) limit corresponds to a large value of N where N is the number of 
D 3 branes. Finally, setting u = r 2 H /r 2 the effective five dimensional metric in the Einstein 
frame could be formally expressed as [32] . 

T 2 7 , — 1/4 

ds 2 = h~ 1 / 4 H~ 1 / 2 (—fdt 2 + dx 2 + h(dy 2 + dz 2 ))-\ - du 2 

du z j 

7 y 2 u / 2 <r * 2 

f{u) = 1-u 2 , h(u) — %[u)= u T = j |, a = 0 u T - (2) 

u z + a z uip L z 

Eq ([2]) is in fact the starting point of our analysis. In the above mentioned coordinate 
system (J2]) the horizon is placed at u — 1 and the boundary is located at u — 0. One should 
take a note on the fact that here (t , x ) are the usual commutative directions whereas on the 
other hand, the other two spatial coordinates (y, z ) exhibit the non commutative nature 
[32]. From it is in fact quite evident that due to presence of the non commutativity 
along two of the spatial directions of the brane, the full 50(3) symmetry of the boundary 
theory is reduced down to 50(2) leaving the rotational invariance only over the (y — 
z) plane of the brane. Finally, from ([2]) it is in fact quite trivial to note down the 
corresponding Hawking temperature which for the present case turns out to be, 


T 


1 

ttutL 


(3) 


3 Charge diffusion 

Based on the original prescription 0-ra for evaluating retarded Green’s function cor¬ 
responding to 0(1) currents (,/,,_), the purpose of the present section is to first make 
a systematic analytic investigation of the DC conductivity (ctdc) both along the com¬ 
mutative as well as the non commutative directions of the brane and then compute the 
corresponding R- charge diffusion(s) (ID) using the so called Einstein relation, D = (Jdc/x-i 
where x is the charge susceptibility and a^c is the DC electrical conductivity that could 
be formally expressed as [9]-[T2]. 

a DC = - lim —Im tu, q = 0) 

TO—>0 )t> 

(tt>, q = 0) = —i J dr dx e mr A(t) ([A(x), J*(0)]). (4) 


In order to compute the above quantity in (j3J) and thereby the charge diffusion (ID), 
we essentially study the dynamics of vector U( 1) perturbations over the fixed back ground 
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of the anisotropic black brane o i-n. Dynamics of these vector perturbations are in 
general governed by the Maxwell’s action namely, 

S M = f &x^~gT ab T ab (5) 

4 - 9 m J 

where, g 2 M stands for the Maxwell coupling of the [/(1) theory. 

The basic physics behind our analysis rests on the fact that the infra red behavior of 
these f/(l) fluctuations in the bulk is solely governed by the hydrodynamics where the 
dispersion relation of the type tt> = — i£>q 2 appears naturally as a consequence of the pole 
appearing in the Laplace transformed version of the charge density in the complex tn plane 
which could be interpreted as a natural consequence of the diffusion of conserved charges. 
In our analysis, considering the so called hydrodynamic limit namely, g C T we study 
fluctuations of the type, A m ~ e iq ' x A m (t, u ) over the background of (J2J). These fluctuations 
by means of the equation of motion as well as the relevant boundary conditions finally 
yield the dispersion relation of the above form in the limit q —> 0. 

3.1 Charge susceptibility 

The purpose of the present section is to compute the charge susceptibility (y) corre¬ 
sponding to non commutative Af = 4 SYM plasma at strong coupling. In the AdS/CFT 
framework, the dual geometry corresponding to this non commutative plasma (at finite 
temperature) is essentially described by the five dimensional black hole solution ([2]) in the 
bulk space time. 

In our computations, we strictly follow the methods proposed in j!2| . The bottom 
line of our analysis is the following: In order to compute the susceptibility (y), one needs 
to systematically solve the temporal gauge held ( At ) in the bulk consistent with the 
boundary condition at the horizon {u = 1). 

The Maxwell equation that directly follows from (J5]) could be formally expressed as, 

= o. (e) 

The equation of motion corresponding to At that readily follows from ([6]) could be 
formally expressed as, 


d u (\f-~gg tt g uu ) m 

A! + v yJ „ ’ A' t = 0. 

V~99 9 UU 

The corresponding solution turns out to be, 

4£, (a 2 + u 2 ) 7/8 (7 u 2 2 F, (l, §; f; -£) - 5a 2 ) 


(7) 


A t {u) — €2 + 


15a 2 w 3 / 4 


( 8 ) 


The coefficient £ 2 is uniquely determined by demanding the fact that At must vanish 
at the horizon (u = 1) which yields, 


4£r (a 2 + 1) 7/8 (5a 2 - 7 2 F 1 (l, §; f; -£)) 


£ 2 = 


15a 2 


(9) 
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On the other hand, the chemical potential is given by, 

M = AM|„ e = £ 2 -t||^ + 0(£ 5 / 4 ) (10) 

where |e| -C 1. Clearly the above quantity in (HU diverges in the limit e —> 0. In order to 
have a finite chemical potential for the bondary theory, we thereby define the renormalized 
chemical potential as, 


,. ( 4 e dfi\ 

=hs o + t & ) = £2 ' 

Finally, using (JSJ) the charge density could be readily obtained as 


Q = 


ss. 


M I 


2ut&i 


m=0 


8At '"“ u g z M L 

Using dll]) and (]T2|) . the charge susceptibility finally turns out to be, 

15 a 2 ux 


X = — = 


Ut 


Vr 2<L (a 2 + l) 7/s (5a" - 7 2 e t (l, f; f;—^)) ' 2&L' 


( 11 ) 


( 12 ) 


(13) 


Interestingly here we note that the charge susceptibility (y) (almost) does not get cor¬ 
rected in the non commutative parameter (a) upto fifth orders in the perturbation series. 

Having done these computations on charge susceptibility (y), our next task would be 
to compute DC conductivities along both the commutative as well as non commutative 
directions of the brane. We denote a± as the conductivity along the commutative direction 
of the brane and cry as the conductivity along the non commutative direction of the brane. 
Our purpose is to make a systematic comparison between these two conductivities and 
compare our results with the already existing results in the context of anisotropy jTE]. 


3.2 Conductivity I: <j± 

As a first part of our analysis, we compute the DC electrical conductivity along one of the 
commutative directions of the brane, namely the x direction. We consider fluctuations of 
the form, 

A m (u,t) = L [ dwe~ mt A m (u). (14) 


Considering m = x and substituting (fT4]) into (JHI) , we obtain 


„// , d u (V^g uu g xx ) 

/Ij. "T” /- 


V^gg 


UUgXX 


tt 

tt> 2 —— A x = 0. 

gUU 


(15) 


In order to solve the above equation (]T5l) in the so called low frequency regime, we 
chose the following ansatz, namely, 


A, = (i-«r^(«). (i6) 

Considering the so called in going wave boundary condition i-ra, our first task is 
to explore the above equation (fT5l) in the near horizon limit of the brane namely, u ~ 1. 
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This essentially enable us to determine the coefficient a uniquely. Substituting (fl6]l into 
(fT51) and considering the incoming wave boundary condition near the horizon of the black 
brane it is in fact quite trivial to show that, 


a = 


?'tn 

AttUt 2 T 


(17) 


Our next task would be to substitute (fTTfl) in to (TT5l) and solve T(w) perturbatively 
in the frequency to near the boundary of the space time. This will finally enable us to 
compute the DC conductivity (<7_|_). In order to solve T(u) perturbatively in the frequency 
(in) we consider the following perturbative expansion namely, 

${u) = (0) + i(tu/T)T« + C>(tu7r 2 ) (18) 


where each of the individual coefficients satisfies equation of motion of the following form, 


vj"(b _|_ 


2ttu^ 2 (1 — u ) . 


xJ/To) + 


2(1 — u) 




+ 


d u (V=gg uu g xx ) 

V~99 UU 9 XX 


vp'd) + 


Ahut 2 (1 — u) 




^//(o) + du(V^99 uu 9 xx ) r (o) 
V~99 UU 9 XX 


= 0 

= 0. 
(19) 


In the following we quote corresponding solutions one by one. Let us first consider the 
second equation in (THU) . The corresponding solution turns out to be, 


Vj/(°) 


4 c) 13 

195u 3 / 4 vffi 2 + u 2 


+ h 2 


( 20 ) 


where, 


3 



13 (3a 2 + 7) F\ 



20 u 2 F 1 


f 13 1 21 u 2 2 \\ 

-65 (a 2 + u 2 ) .(21) 


In the above, we have expressed solution (T20|) in terms of Appcll polynomials where the 
coefficients hi and h 2 are related to each other through the condition T* 0 ^!) = 0. On top 
of it, one can also impose the asymptotic normalization condition which for the present 
case turns out to be, \k®(0) = 1/L. These two conditions should in principle sufficient to 
determine these unknown coefficients uniquely. However, for the present purpose of our 
analysis it is sufficient to know the boundary behaviour of the gauge fields since we will 
be finally evaluating the entities near the boundary of the space time. Expanding (T2Tj) 
near the boundary (u ~ 0) of the space time we note, 


Vj/(°) 


1 

L 


1 - 


4a 7 / 4 


3e 3 / 4 J 




-l 




where the numerical prefactor guarantees a normalized mode at the boundary. Note that 
here e is the UV cut off as mentioned earlier. At the end of our calculations we finally 
consider the e —> 0 limit in order to extract the finite piece at the boundary. 
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In the subsequent analysis we drop all the terms starting with quadratic order in 
u. Since u ranges between zero and one therefore it is indeed quite logical to truncate 
solutions upto certain order in u and particularly consider those terms that contribute 
significantly near the boundary of the space time. Using ([22]) . the solution corresponding 
to (dhb) finally turns out to be, 


M » - 1 - 


3£ 3 / 4 


-1 


1 - 


+ 


a 1 ^\[u a 7 /V / 4 


+ 


u 


3 u 3 / 4 3 ttu^ 2 6ttu^/ 2 Attu^ 2 


+ 0(u 2 ). (23) 


Using (1221) and (1221) . the non trivial piece in the DC conductivity (along x- direction) 
finally turns out to be, 


cr ± = 


Ut 


9l.LT 


(24) 


Finally, from (fT3j) and (1241) one can easily read of the corresponding charge diffusion 
coefficient as, 


Du = ~ \ (25) 

where we have ignored the over all numerical pre factor. The above result (1251) also 
follows from simple dimensional arguments. For example, it is straightforward to notice 
from (H3D that [x] — 1/ L 2 since the dimension of the Maxwell coupling in five dimensions 
goes as \g 2 M\ — L [32] • On the other hand, following the same line of arguments we note 
[cr_ l 1 = 1/L 2 . Using these facts it could be readily seen that [DjJ = L, where we have 
used the fact [T] = l/L. 

Eq. (124|) is in fact an important observation in itself. It reveals certain important fact 
that the DC conductivity ( ct _ l ) along the commutative direction of the brane does not get 
modified due to the presence of the non commutative parameter (O). The same line of 
argument also holds for the corresponding charge diffusion rate (Dj_). 


3.3 Conductivity II: a y 

For the sake of completeness as well as the clarity, our final task would be to compute 
the DC conductivity along one of the non commutative directions of the brane, say the 
y direction and make a systematic comparison of our results with the result obtained in 
the previous section. To do that we first turn on fluctuations of the type, 

A(M)u/fc-“A(») (26) 

which satisfy differential equation of the following form, 


y y/--gg uu g vy y g uu y 


To solve (1271) . we choose the following ansatz, 


A, = (i - «/*(«) 


(27) 


(28) 
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where the coefficient /3 could be readily obtained from the near horizon data namely, 


P 


ztn 

Attu^ 2 T 


( 29 ) 


Like in the previous case, the function <3>(w) could be solved perturbatively in the 
frequency to which in the hydrodynamic limit (tn/T 1) yields the following set of 
equations namely, 


ciy'd) 4 - 


27rtty 2 (1 — u) . 


$'(°) + 


2(1 — u) 


$(°) 


+ 


d u (V=99 uu 9 yy ) 


V=gg uu g yy 


$'(!) + 


AlTU 


fa 




u 


4 »( 0 ) , MV=99 m 9") ^,,( 0 ) 
V=99 uu 9 yy 


= 0 

= 0. 
(30) 


The corresponding solutions turn out to be, 

4« 5/4 #+ffi(§;i,i;¥;-#,« 2 ) 


$(°) = — 


1 + 
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L 

1 
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1 + 


4n 5 / 4 


1 + 


4u 5 / 4 


5\/a 2 + u 2 

+ C>(n 13/4 ) 

+ 0{u 2 ) 
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An tu 


3/2 


Using (j3T]h the corresponding DC conductivity hnally turns out to be, 




Ut 


9i.LT 


(i - e 1/4 '4 /4 )- 


(31) 

(32) 


The way one would like to interpret the above result (1321) is essentially the following: 
Unlike the previous case, the the DC conductivity (cry) along the non commutative di¬ 
rection of the brane is modified due to the presence of the non commutative parameter, 
and most importantly, the non commutative effects essentially suppress the value of the 
conductivity from that of its usual value corresponding to the commutative case. The 
same arguments also hold for the corresponding charge diffusion (Sy). 

Finally, the ratio between the two charge diffusion rates turn out to be, 

Ji- —-I-0U 4 4 /4 . (33) 

Eq. (j33)l is the full non perturbative result in the non commutative parameter (0) and is 
consistent with the corresponding result in the commutative (0 —y 0) limit. The crucial 
observation that one should make at this stage is the fact that unlike the case for the 
shear viscosity to entropy ( 77 /s) ratio [32], the charge diffusion rates are rather different 
along different directions of the brane. In other words, the charge diffusion is sensitive 
to the intrinsic anisotropy of the plasma. Finally, before we conclude, it is important to 
emphasis that similar observations have also been made earlier in a different context of 
anisotropy where people had observed, cr anisotropy 

&isotropy m- 
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4 Summary and final remarks 

Let us now summarize the key findings of our analysis. In our analysis, considering the 
so called hydrodynamic limit, we explore the charge transport phenomena in non com¬ 
mutative AT = 4 SYM plasma at strong coupling. The motivation of our current analysis 
rests on the earlier results on shear viscosity to entropy (■ p/s ) ratio which was found to be 
universal despite of the intrinsic anisotropy of the Dp brane [52] , In our analysis, however 
we observe that unlike the case for the p/s ratio, the charge diffusion rates are indeed 
different along two different directions of the brane. In particular, we observe that the 
holographic DC conductivity gets significantly modified (only) along the non commuta¬ 
tive directions of the brane and its value is in fact turns out to be lower compared to its 
commutative counterpart. Therefore we might conclude that from the point of view of the 
charge transport property, both the 9 deformed as well as the non commutative AT = 4 
SYM theories exhibit some sort of similarity whereas on the other hand, they differ quite 
significantly when we compare them with respect to their shear channels. Finally, it is 
noteworthy to mention that our result smoothly matches to that with the corresponding 
commutative result in the limit of vanishing 0. 

Acknowledgements : The author would like to acknowledge the financial support from 
CHEP, Indian Institute of Science, Bangalore. 


References 

[1] J. M. Maldacena, “The Large N limit of superconformal field theories and supergrav¬ 
ity,” Int. J. Theor. Phys. 38, 1113 (1999) [Adv. Theor. Math. Phys. 2, 231 (1998)] 
|hep-th/9711200]|. 

[2] E. Witten, “Anti-de Sitter space and holography,” Adv. Theor. Math. Phys. 2, 253 
(1998) [hep-th/98021501. 

[3] S. S. Gubser, I. R. Klebanov and A. M. Polyakov, “Gauge theory correlators from 
noncritical string theory,” Phys. Lett. B 428, 105 (1998) |hep-th/98021091. 

[4] O. Aharony, S. S. Gubser, J. M. Maldacena, H. Ooguri and Y. Oz, “Large N field 
theories, string theory and gravity,” Phys. Rept. 323, 183 (2000) |hep-th/99051111. 

[5] G. Policastro, D. T. Son and A. O. Starinets, “The Shear viscosity of strongly cou¬ 
pled N=4 supersymmetric Yang-Mills plasma,” Phys. Rev. Lett. 87, 081601 (2001) 
| hep-th /0104066]. 

[6] P. Kovtun, D. T. Son and A. O. Starinets, “Viscosity in strongly interacting quan¬ 
tum field theories from black hole physics,” Phys. Rev. Lett. 94, 111601 (2005) 
[hep-th/0405231]. 

[7] R. A. Janik and R. B. Peschanski, “Asymptotic perfect fluid dynamics as a conse¬ 
quence of Ads/CFT,” Phys. Rev. D 73, 045013 (2006) |hep-th/0512162|. 


9 


[8] S. Bhattacharyya, V. E. Hubeny, S. Minwalla and M. Rangamani, “Nonlinear Fluid 
Dynamics from Gravity,” JHEP 0802, 045 (2008) |arXiv:0712.2456 [hep-th]]. 

[9] G. Policastro, D. T. Son and A. O. Starinets, “From AdS / CFT correspondence to 
hydrodynamics,” JHEP 0209, 043 (2002) [hep-th/0205052|. 

[10] D. T. Son and A. O. Starinets, “Minkowski space correlators in AdS / CFT corre¬ 
spondence: Recipe and applications,” JHEP 0209, 042 (2002) [hep-th/0205051]. 

[11] P. Kovtun, D. T. Son and A. O. Starinets, “Holography and hydrodynamics: Diffu¬ 
sion on stretched horizons,” JHEP 0310, 064 (2003) |hep-th/0309213|. 

[12] P. Kovtun and A. Ritz, “Universal conductivity and central charges,” Phys. Rev. D 
78, 066009 (2008) [arXiv:0806.0110 [hep-th]]. 

[13] R. Ryblewski and W. Florkowski, “Non-boost-invariant motion of dissipative and 
highly anisotropic fluid,” J. Phys. G 38, 015104 (2011) [arXiv: 1007.4662 [nucl-th]]. 

[14] M. Martinez and M. Strickland, “Dissipative Dynamics of Highly Anisotropic Sys¬ 
tems,” Nucl. Phys. A 848, 183 (2010) [arXiv: 1007.0889 [nucl-th]]. 

[15] M. Martinez and M. Strickland, “Non-boost-invariant anisotropic dynamics,” Nucl. 
Phys. A 856, 68 (2011) [arXiv:1011.3056 [nucl-th]]. 

[16] D. Mateos and D. Trancanclli, “The anisotropic N=4 super Yang-Mills plasma and 
its instabilities,” Phys. Rev. Lett. 107, 101601 (2011) [arXiv: 1105.3472 [hep-th]]. 

[17] D. Mateos and D. Trancanclli, “Thermodynamics and Instabilities of a Strongly 
Coupled Anisotropic Plasma,” JHEP 1107, 054 (2011) [arXiv: 1106.1637 [hep-th]]. 

[18] A. Rebhan and D. Steineder, “Violation of the Holographic Viscosity Bound in 
a Strongly Coupled Anisotropic Plasma,” Phys. Rev. Lett. 108, 021601 (2012) 
[arXiv:1110.6825 [hep-th]]. 

[19] L. Patino and D. Trancanclli, “Thermal photon production in a strongly coupled 
anisotropic plasma,” JHEP 1302, 154 (2013) [arXiv:1211.2199 [hep-th]]. 

[20] V. Jahnke, A. Luna, L. Patio and D. Trancanclli, “More on thermal probes of a 
strongly coupled anisotropic plasma,” JHEP 1401. 149 (2014) [arXiv:1311.5513 [hep- 
th]]. 

[21] X. H. Ge, Y. Ling, C. Niu and S. J. Sin, “Holographic transports and stability in 
anisotropic linear axion model,” arXiv:1412.8346 [hep-th], 

[22] L. Cheng, X. H. Ge and S. J. Sin, “Anisotropic plasma with a chemical potential and 
scheme-independent instabilities,” Phys. Lett. B 734, 116 (2014) [arXiv: 1404.1994 
[hep-th]]. 

[23] R. A. Janik and P. Witaszczyk, “Towards the description of anisotropic plasma at 
strong coupling,” JHEP 0809, 026 (2008) [arXiv:0806.2141 [hep-th]]. 

[24] A. Rebhan and D. Steineder, “Probing Two Holographic Models of Strongly Coupled 
Anisotropic Plasma,” JHEP 1208, 020 (2012) [arXiv: 1205.4684 [hep-th]]. 


10 


[25] K. A. Mamo, “Holographic RG flow of the shear viscosity to entropy density ratio 
in strongly coupled anisotropic plasma,” JHEP 1210, 070 (2012) [arXiv: 1205.1797 
[hep-th]]. 

[26] I. Gahramanov, T. Kalaydzhyan and I. Kirsch, “Anisotropic hydrodynamics, hologra¬ 
phy and the chiral magnetic effect,” Phys. Rev. D 85, 126013 (2012) [arXiv: 1203.4259 
[hep-th]]. 

[27] D. Giataganas, “Probing strongly coupled anisotropic plasma,” JHEP 1207, 031 
(2012) [arXiv: 1202.4436 [hep-th]]. 

[28] R. Critelli, S. I. Finazzo, M. Zaniboni and J. Noronha, “Anisotropic shear viscosity 
of a strongly coupled non-Abelian plasma from magnetic branes,” Phys. Rev. D 90, 
no. 6, 066006 (2014) [arXiv: 1406.6019 [hep-th]]. 

[29] J. Erdmenger, D. Fernandez and H. Zeller, “New Transport Properties of Anisotropic 
Holographic Superfluids,” JHEP 1304, 049 (2013) [arXiv:1212.4838 [hep-th]]. 

[30] S. Jain, N. Kundu, K. Sen, A. Sinlia and S. P. Trivedi, “A Strongly Coupled 
Anisotropic Fluid From Dilaton Driven Holography,” JHEP 1501, 005 (2015) 
[arXiv: 1406.4874 [hep-th]]. 

[31] L. Cheng, X. H. Ge and S. J. Sin, “Anisotropic plasma at finite £7(1) chemical 
potential,” JHEP 1407, 083 (2014) [arXiv:1404.5027 [hep-th]]. 

[32] K. Landstciner and J. Mas, “The Shear viscosity of the non-commutative plasma,” 
JHEP 0707, 088 (2007) [arXiv:0706.0411 [hep-th]]. 

[33] N. Seiberg and E. Witten, “String theory and noncommutative geometry,” JHEP 
9909, 032 (1999) |hep-th/9908142 [. 

[34] J. M. Maldacena and J. G. Russo, “Large N limit of noncommutative gauge theories,” 
JHEP 9909, 025 (1999) |hep-th/9908134 . 

[35] M. Edalati, W. Fischler, J. F. Pedraza and W. Tangarifc Garcia, “Fast Scramblers 
and Non-commutative Gauge Theories,” JHEP 1207, 043 (2012) [arXiv: 1204.5748 
[hep-th]]. 

[36] A. Hashimoto and N. Itzhaki, “Noncommutative Yang-Mills and the AdS / CFT 
correspondence,” Phys. Lett. B 465, 142 (1999) |hep-th/9907166|. 


11 


